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DESCRIPTION 



MANUFACTURING APPARATUS OF POROUS GLASS BASE MATERIAL 
[TECHNICAL FIELD] 

[000 1 ] The present invention relates to a manufacturing apparatus of a porous glass base 
material. Such a manufacturing apparatus deposits glass particles on a taiget rod (starting 
member) that is rotated and vertically placed. 

[0002] The contents of the patent application identified below are incorporated herein by 
reference, if applicable. 

Japanese Patent Application No. 2004-94496 
Filed on March 29, 2004 
[BACKGROUND ART] 

[0003] A high-purity synthetic quartz glass used for manufacturing optical fiber base 
materials and the like can be obtained in the following manner. A glass material such as 
silicon tetrachloride is subjected to flame hydrolysis in an oxyhydrogen flame, so that glass 
particles (silica powders) are produced. The produced glass particles are deposited onto a 
starting member such as a quartz glass while the starting member is rotated, so that a porous 
glass base material is manufactured. The porous glass base material is sintered and vitrified 
into a transparent glass. 

[0004] There are several different methods to manufacture a porous glass base material, 
such as the vapor phase axial deposition (VAD) method, the outside VAD method, and the 
outside vapor deposition (OVD) method. Fig. 1 A shows the VAD method. To be specific, a 
glass material is supplied to a burner 2 so that glass particles are produced. The produced 
glass particles are deposited onto the end of a starting member 1 . Here, a porous glass base 
material 4 is grown in the axial direction of the starting member 1 in such a manner that a 
shaft 3 coupled to the starting member 1 is moved upwards while rotated via a hanging 
mechanism (not shown). Fig. IB shows the outside VAD method, whereby the porous 
glass base material 4 is grown in the axial direction of the starting member 1 along the lateral 
surface of the starting member 1. Fig. 1C shows the OVD method, whereby the porous 
glass base material 4 is grown in the radial direction of the starting member 1 in such a 
manner that the burner 2 is reciprocated in a relative manner along the lateral surface of the 
starting member 1 . Here, it should be noted that the number of burners 2 is one in Figs. 1 A 
to 1C, but can be appropriately increased as needed. 
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[0005] Here, some of the produced glass particles are not deposited onto the starting 
member to manufacture the porous glass base material. Part of the non-deposited glass 
particles keep floating within the process chamber, to be attached and deposited onto the wall 
of the process chamber as soot, and the rest are exhausted outside the process chamber 
together with the exhaust gas. 

[0006] Here, a piece of the soot may come off the wall and then be attached to the 
deposition surface of the porous glass base material which is being manufactured by 
deposition. The piece of the soot is turned into a bubble as a result of vitrification of the 
porous glass base material into a transparent glass. Such a bubble is present in a finished 
product, resulting in quality degradation. 

[0007] To solve this problem in relation to the soot, the following technique is disclosed 
by Patent Document 1 . A slit-like gas inlet 5 is provided, in the vicinity of the ceiling, in a 
lateral wall of a process chamber at the side where a burner 2a for a core, a burner 2b for 
heating the core, and burners 2c for a clad are provided, as shown in Fig. 2. In addition, an 
exhaust outlet 6 is provided in a lateral wall that opposes the gas inlet 5. This configuration 
produces an air curtain effect whereby a gas supplied from the gas inlet 5 flows into the 
exhaust outlet 6 along the ceiling. Accordingly, the soot to be formed on the ceiling can be 
significantly reduced. 

[0008] In recent years, however, the size of optical fiber base materials has been on the 
rise because of demand for rationalized manufacture of optical fibers, cost reduction, and the 
like. This tendency makes it necessary to manufacture porous glass base materials of a 
large size, resulting in an increase in the amount of the glass material supplied. As the 
amount of the glass material supplied to the process chamber is increased, the amount of 
floating glass particles that are not deposited onto the starting member accordingly increases. 
Considering this, the technique disclosed by Patent Document 1 can not fully prevent the 
soot from being formed on the walls of the process chamber. Therefore, a piece of the soot 
may come off the walls and fall, to be attached to the deposition surface of the porous glass 
base material. 

[0009] This drawback is clearly shown in Fig. 3, which illustrates the gas flow at the 
level of the gas inlet of Fig. 2. To be specific, since the gas flowing from the gas inlet is 
partly blocked by the porous glass base material, a swirling gas flow in the reverse direction 
is formed on a section of the ceiling which is closer to the exhaust outlet This swirling gas 
flow keeps therein floating glass particles for a long time period, and the floating glass 
particles are attached as soot onto the ceiling. 
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Furthermore, the technique disclosed in Patent Document 1 can not reduce the 
amount of the soot formed on the lateral walls of the process chamber. 

[Patent Document 1] Unexamined Japanese Patent Application Publication No 
2002-193633 

[DISCLOSURE OF THE INVENTION] 
[PROBLEMS TO BE SOLVED BY THE INVENTION] 

[0010] An advantage of some aspects of the present invention is to provide a 
manufacturing apparatus of a porous glass base material which can prevent soot from being 
formed on the upper surface (ceiling) of a process chamber and reduce the amount of soot 
that comes off the upper surface and falls. This is achieved by combining the features 
recited in the independent claims. The dependent claims define further effective specific 
example of the present invention. 
[MEANS FOR SOLVING THE PROBLEMS] 

[00 1 1] An embodiment of the invention provides a manufacturing apparatus of a porous 
glass base material for depositing glass particles produced by subjecting a material gas to 
flame hydrolysis, onto a starting member placed vertically. Here, a plurality of gas inlets 
are provided in one or more lateral walls of a process chamber including a burner for the 
deposition therein, in upper portions of the lateral walls and along a ceiling of the process 
chamber. 

The present invention includes a variety of embodiments. The plurality of gas 
inlets may be provided in lateral walls that oppose each other with a porous glass base 
material being positioned therebetween. Furthermore, slit-like gas inlets may be provided 
along left and right edges of a lateral wall on which the burner is provided. 
[0012] It is preferable that an exhaust outlet is provided in a lateral wall that opposes the 
lateral wall on which the burner is provided, and that a width of the lateral wall in which the 
exhaust outlet is provided is made smaller than a width of a lateral wall in which a gas inlet is 
provided. 

Here, it is preferable that one of the gas inlets is provided in the lateral wall in 
which the exhaust outlet is provided, and that a distance between a lowest part of the gas 
inlet and a highest part of the exhaust outlet is preferably 30 mm or more. 

The ceiling and lateral walls of the process chamber along which a gas supplied 
from the gas inlets flows may be preferably formed by flat surfaces. 

[0013] Here, all the necessary features of the present invention are not listed in the 
summary. The sub-combinations of the features may become the invention. 
[EFFECT OF THE INVENTION] 
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[0014] By using the manufacturing apparatus relating to the embodiment of the 
invention having the above-described configurations, soot is prevented from being formed 
on the ceiling and lateral walls of the process chamber. In addition, even though a piece of 
the formed soot comes off the ceiling and lateral walls and falls, the piece of the soot is 
prevented from being attached to the porous glass base material. Thus, bubbles which may 
be created in a finished product can be reduced, thereby producing a high-quality optical 
fiber base material. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

[0015] Fig. 1 includes schematic vertical cross-sectional views illustrating methods of 
manufacturing a porous glass base material, where Fig. 1 A shows the VAD method, Fig. IB 
shows the outside VAD method, and Fig. 1C shows the OVD method. 

Fig. 2 is a schematic vertical cross-sectional view illustrating a typical 
manufacturing apparatus of a porous glass base material. 

Fig. 3 is a schematic view illustrating a gas flow formed at the level of a gas inlet 
of the manufacturing apparatus illustrated in Fig. 2. 

Fig. 4 includes schematic views illustrating an example of a manufacturing 
apparatus of a porous glass base material relating to an embodiment of the invention, where 
Fig. 4A is a top view (burners are not shown), Fig. 4B is a schematic vertical cross-sectional 
view, and Fig. 4C is a right lateral view (the burners are not shown). 
[BEST MODE FOR CARRYING OUT THE INVENTION] 

[0016] Hereinafter, an embodiment of the present invention will be described. The 
embodiment does not limit the invention according to the claims, and all the combinations of 
the features described in the embodiment are not necessarily essential to means provided by 
aspects of the invention. 

[0017] A manufacturing apparatus relating to an embodiment of the invention is 
characterized in that a plurality of gas inlets are provided in one or more lateral walls of a 
process chamber. Specifically speaking, the process chamber has a burner for deposition, 
and the plurality of gas inlets are provided in the upper portions of the lateral walls and along 
the ceiling of the process chamber. The plurality of gas inlets may be preferably provided 
in lateral walls that oppose each other with a porous glass base material being positioned 
therebetween. Having the above configuration, the manufacturing apparatus can achieve a 
flow of a fresh intake gas across the entire ceiling, without causing the swirling gas flow 
shown in Fig. 3. As a consequence, floating glass particles are prevented from reaching the 
ceiling. 
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Furthermore, slit-like gas inlets may be provided along the left and right edges of 
the lateral wall on which the burner for deposition is provided. This configuration can 
stabilize the gas flow in the process chamber, and significantly reduce the amount of the soot 
formed on the lateral walls of the process chamber. 

[0018] Furthermore, an exhaust outlet may be provided in the lateral wall that opposes 
the lateral wall on which the burner for deposition is provided, and the width of the lateral 
wall in which the exhaust outlet is provided is designed to be smaller than the width of the 
lateral wall in which any of the gas inlets is provided. With the above configurations, the 
linear speed of the gas flow on the side of the exhaust outlet with respect to the porous glass 
base material can be increased with the linear speed of the gas flow on the side of the burner 
being kept relatively slow. This can reduce disturbance in the flame of the burner. 
[0019] When one of the gas inlets is provided in the lateral wall in which the exhaust 
outlet is provided, the distance between the lowest part of the gas inlet and the highest part of 
the exhaust outlet is designed to be 30 mm or larger for the following reason. An 
excessively small distance between the gas inlet and exhaust outlet causes the exhaust gas 
flow to disturb the gas flow formed along the ceiling starting from the gas inlet. As a result, 
the air curtain effect is degraded, which accordingly reduces the effect of preventing the soot 
from being formed on the ceiling. 

[0020] The upper and lateral surfaces of the process chamber along which the gas 
supplied from the gas inlets flows may be preferably formed by flat surfaces for the 
following reason. If the lateral wall is configured by a surface of a sphere having a small 
curvature radius of approximately 200 mm to 400 mm or a curved surface of a cylinder, the 
gas supplied from the gas inlets does not flow along the wall, but causes a swirling flow. 
Accordingly, the gas flow in the process chamber is disturbed, which results in degradation 
of the air curtain effect. 

[0021] The embodiment of the invention is described in more detail with reference to an 
example in the following part. It should be noted that, however, the present invention is not 
limited to the following example, but includes various other embodiments. 
[EXAMPLE] 

[0022] A porous glass base material was manufactured by using a manufacturing 
apparatus shown Fig. 4. 

Fig. 4A is a top view of the manufacturing apparatus (burners are not shown), 
Fig. 4B is a schematic vertical cross-sectional view of the manufacturing apparatus, and Fig. 
4C is a right lateral view of the manufacturing apparatus (the burners are not shown). 
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In the manufacturing apparatus, gas inlets 5a are provided in the left and right 
lateral walls that oppose each other, in the upper portions of the left and right walls and along 
the ceiling as shown in Fig. 4B. Here, the distance between the lower edge of the gas inlet 
5a in the left lateral wall and the upper edge of an exhaust outlet 6 is 30 mm. Furthermore, 
slit-like gas inlets 5b are provided in the right lateral wall along the left and right edges 
thereof, in addition to the gas inlets 5a along the ceiling, as shown by the shaded parts in Fig. 
4C. 

[0023] To perform deposition of glass particles, a burner 2a for a core, a burner 2b for 
heating the core, and a burner 2c for a clad are provided in an upper process chamber 7 and a 
lower process chamber 8. A porous glass base material 4 is pulled upwards via an upper 
portion 9 considering the growth of the porous glass base material 4. In this example, the 
deposition of glass particles was performed under a condition that the glass particles were 
produced and supplied by all the burners at the rate of 700 g/hr. During the deposition, a 
gas flow layer was formed along the ceiling and lateral walls with its linear speed being set to 
1 .5 m/sec, and the glass particles that were not attached to the deposition surface of the 
porous glass base material 4 were exhausted from the exhaust outlet 6 together with the 
exhaust gas. The supplied gas was an air kept within a clean room. The gas inlets were 
provided with a wire mesh made of SUS316 as pressure loss providing means that adjusts 
the linear speed of gas intake. 

[0024] Under the conditions set forth above, the deposition of the glass particles was 
performed for 30 hours. The result is that soot was substantially perfectly prevented from 
being formed on the ceiling and the right portion of each of the front and back walls in which 
neither gas inlets nor exhaust outlets are provided. Here, soot was formed on and came off 
the lower left portion (i.e. in the vicinity of the exhaust outlet) of each of the front and back 
walls. However, a piece of the soot that came off the lower left portion was immediately 
exhausted from the exhaust outlet, and thus was not attached to the deposition surface of the 
porous glass base material, thereby not producing a bubble in a finished product. 
[0025] The exemplary manufacturing apparatus relating to the embodiment of the 
present invention shown in Fig. 4 can be applied to the outside VAD and OVD methods in 
addition to the VAD method employed in the above-described example. 
[0026] While the embodiment of the present invention has been described, the technical 
scope of the invention is not limited to the above-described embodiment. It is apparent to 
persons skilled in the art that various alternations and improvements can be added to the 
above-described embodiment. It is also apparent from the scope of the claims that the 
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embodiments added with such alternations or improvements can be included in the technical 
scope of the invention. 
[INDUSTRIAL APPLICABILITY] 

[0027] The manufacturing apparatus relating to the embodiment of the invention can 
provide a glass base material for an optical fiber which has only few bubbles therein and 
demonstrate excellent optical characteristics. 
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